Introduction
Members of the subfamily Charipinae are very small wasps (0.8-2.0 mm), characterized by having a smooth and shiny body. The morphological features of these small wasps are much reduced, and for this reason the identification at species level is a very difficult task. On the other hand, the Charipinae are a biologically important group, being secondary parasitoids of aphids (Hemiptera: Aphididae) via Aphidiinae (Hymenoptera: Braconidae) and Aphelininae (Hymenoptera: Braconidae), and secondary parasitoids of psyllids (Hemiptera, Psylloidea) via Encyrtidae (Hymenoptera: Chalcidoidea) (Menke and Evenhuis, 1991) .
The biological importance of the Charipinae lies in their lifestyle. As secondary parasitoids of aphids, they have an influence on the aphids' and primary parasitoids' abundance. According to van Veen et al. (2001) , secondary parasitoids can reduce the efficiency of primary parasitoids on their hosts in at least 3 ways: (i) increasing primary parasitoids' mortality; (ii) increasing the growth rate of the aphid population indirectly; and (iii) increasing the propensity for primary parasitoids to disperse. Charipinae hyperparasitoids influence the effectiveness of the primary parasitoids of aphids by decreasing their abundance and modifying their behavior. As a result, the increase of aphid populations can cause severe yield losses in some crops .
The Charipinae fauna from Iran has been recently revised (Ferrer-Suay et al., 2013e) . Fifteen species were identified in that work, 9 of which were recorded for the first time from this region. They included Alloxysta arcuata (Kieffer, 1902) , A. brevis (Thomson, 1862) , A. castanea (Hartig, 1841) , A. macrophadna (Hartig, 1841) , A. melanogaster (Hartig, 1840) , A. pusilla (Kieffer, 1902) , A. ruficollis (Cameron, 1883) , A. tscheki (Giraud, 1860) , and A. ullrichi (Giraud, 1860) . Later, A. ramulifera (Thomson, 1862) was also recorded for the first time from Iran (Ferrer-Suay et al., 2013d) .
The objective of the present work was to study additional material that was recently collected from various habitats in 4 central and eastern provinces of Iran. Trophic relationships are also recorded for the collected species. Diagnoses, short descriptions, and figures are included for the newly recorded species.
Materials and methods
Collection of specimens was performed mainly in Isfahan (central) and North Khorasan (northeastern) provinces by rearing host aphids, and in Khorasan Razavi and Sistan and Baluchestan provinces using a standard sweeping net during 2007-2011. The plant material bearing the aphid colonies was gently cut, directly placed within transparent plastic boxes, and covered with mesh for ventilation. The samples were subsequently transferred to the laboratory, where they were subdivided, with part used to obtain voucher aphids for identification and another part held for rearing the parasitoids and hyperparasitoids. The boxes were kept at room temperature (within a range of 22 ± 5 °C) until emergence of the adult parasitoids and hyperparasitoids. The emerged specimens were captured twice per day using an aspirator to avoid further parasitic activities inside the rearing boxes. Captured specimens were directly dropped into 75% ethanol for preservation and identification at later steps.
The external morphology of Charipinae specimens was studied using a stereomicroscope (NIKON SMZ-1) and an environmental scanning electron microscope (FEI Quanta 200 ESEM). The field-emission gun environmental scanning electron microscope was used for high-resolution imaging without gold-coating the specimens. For each new record for Iran, a diagnosis and short description have been added.
Type material of the species studied is deposited in the following institutions: -BMNH: Natural History Museum (London, United Kingdom). (2007) . Measurements and abbreviations include F1-F12, first and subsequent flagellomeres. The width of the forewing radial cell is measured from the margin of the wing to the beginning Rs vein. The transfacial line is measured as the distance between the inner margins of the compound eyes, measured across the face through the antennal toruli, divided by the height of the eye. The malar space is measured by the distance from the lower part of the gena from the mouthparts to the ventral margin of the compound eye, divided by the height of the eye. Females and males of the species shortly described have the same characters except where indicated. Aphid nomenclature follows Remaudiére and Remaudiére (1997) . Aphid slides and Aphidiinae specimens are deposited in the insect collection of the Faculty of Agriculture, University of Zabol, Iran (FAUOZ). Charipinae species are deposited in the University of Barcelona (UB) (PujadeVillar collection). World host range has been included in the host section of each determined species. Host data are listed as follows: HP: host plant; HA: host aphid; HS: host psyllid; HW: primary host parasitoid (wasp); when any of these categories is not known, "unknown" is inserted into the corresponding trophic level.
Results
Among the 712 examined specimens, there were 8 Charipinae species in association with 19 Aphidiinae parasitoids and 16 aphid species. In total, 91 host associations (Charipinae-Aphidiinae-aphid-host plant) were recorded, of which 23 are new to science. Recorded species are listed below alphabetically. For each species, the list of material examined, including Aphidiinae primary parasitoid, host aphid on host plant, locality date, number of specimens, and name of legator is provided.
Alloxysta arcuata (Kieffer, 1902) Allotria (Allotria) arcuata Kieffer, 1902: 12 . Type: BMNH (examined). Distribution. Cosmopolitan. Hosts. HP: unknown, HA: Myzus cerasi, HW: unknown (Ionescu, 1969: 268) ; HP: Ligustrum ovalifolium, HA: Myzus ligustri, HW: unknown (Evenhuis, 1976: 143) ; HP: unknown, HA: unknown, HW: Ephedrus sp., Ephedrus persicae (Evenhuis and Barbotin, 1977: 189 as long as wide (Figure 1a) , pronotal carinae present ( Figure  1c) , propodeal carinae absent (Figure 1d ), female antennae with the beginning of rhinaria in F5, F2 shorter than F3, F3 shorter than F4 (Figure 1b ), male antennae with the beginning of rhinaria in F4, F2 longer than F3, F3 shorter than F4. It is similar to A. consobrina (Zetterstedt, 1838), but they can be differentiated by the proportions between flagellomeres: F1 subequal to F2, F2 shorter or subequal to F3 in A. circumscripta (Figure 1b) while F1 longer than F2, F2 subequal to F3 in A. consobrina (Zetterstedt, 1838) ; size of radial cell: 2.3 times as long as wide in A. circumscripta (Figure 1a ) but 2.7 times as long as wide in A. consobrina. Short description. Head, mesosoma, and metasoma dark brown; scape, pedicel, F1, and F2 yellow, F3-F12 yellowish brown; legs yellow and veins yellowish brown. Female antennae 13-segmented; F1-F2 smooth, thinner than remaining flagellomeres, F3-F11 with rhinaria and club-shaped; F1 longer than pedicel and F2, F2 shorter then F3, F3 shorter than F4 (Figure 1b) . Male antennae 14-segmented; F1-F3 smooth and thinner than remaining flagellomeres, F4-F12 with rhinaria and club-shaped; F1-F3 straight; F1 longer than pedicel and F2, F2 longer than F3, and F3 shorter than F4. Pronotum covered by many setae with 2 carinae clearly present under the pubescence (Figure 1c ). Propodeum also covered by abundant setae, without carinae present (Figure 1d ). Forewing longer than body; radial cell partially open, 2.3 times as long as wide (Figure 1a) .
Distribution. Andorra (Ferrer-Suay et al., 2011a: 354) ; Austria (Giraud, 1860: 127; Hellén, 1963: 17) ; England (Dalla Torre and Kieffer, 1910: 278; Müller et al., 1999: 346) ; Finland (Hellén, 1963: 17) ; France (De Gaulle, 1908: (Hartig, 1841: 352) ; Poland (Kierych, 1979: 15) ; Scotland (Cameron, 1886: 86 Host. HP: unknown, HA: Eucallipterus tiliae, HW: unknown (De Gaulle, 1908: 26) . HP: unknown, HA: Dysaphis mali, HW: unknown (Belizin, 1966: 6 (Evenhuis, 1976: 140) . HP: unknown, HA: Tuberculoides sp., Pterocallis sp., and Myzocallis sp., HW: Trioxys sp.; HP: unknown, HA: Drepanosiphum sp., HW: Aphelinus sp. (Fergusson, 1986: 18) . HP: unknown, HA: Eucalipterus tiliae, HW: unknown (Evenhuis and Barbotin, 1987: 214) . HP: Tilia cordata, HA: Eucallipterus tiliae, HW: Trioxys pallidus (Hübner et al., 2002: 508) . HP: Juglans regia, HA: Chromaphis juglandicola, HW: unknown (Ferrer-Suay et al., 2012c: 10) .
26); Germany
Alloxysta darci (Girault, 1933) (Figures 2a-2d Diagnosis. Alloxysta darci is mainly characterized by having small closed radial cell, being 2.4 times as long as wide (Figure 2a) , pronotal carinae absent (Figure 2b) , propodeal plate present (Figure 2d ), rhinaria and club shape begin in F4, F1 shorter than pedicel, and antennae longer than body length in both male and female ( Figure  2c ). This species is similar to A. brevis, but they can be differentiated by the antennae length: longer than body in A. darci, while shorter in A. brevis; forewing with marginal setae longer in A. darci, while they are shorter in A. brevis.
Short description. Head yellowish brown, mesosoma and metasoma brown; scape, pedicel, F1-F3 yellow, rest of flagellomeres brown; legs yellowish; veins yellowish brown. Female antennae 13-segmented; F1-F3 smooth and thinner than remaining ones; F4-F11 with rhinaria and club shape; F1 shorter than pedicel, F1-F3 subequal, F3 shorter than F4 (Figure 2c ). Male antennae 14-segmented; F1-F3 smooth and thinner than remaining ones; F4-F12 with rhinaria and club shape, with the same proportions between flagellomeres as female. Pronotum covered with setae with few setae on distolateral corners, without carinae present (Figure 2b) . Propodeum covered by abundant pubescence; 2 wide carinae present forming a plate, separated by a few setae on first third and forming a plate on last two-thirds; sides subparallel anteriorly and very slightly curved posteriorly (Figure 2d ). Forewing longer than body, radial cell closed, 2.4 times as long as wide in both sexes (Figure 2a (Carver, 1992: 770 Distribution. Cosmopolitan, except for Australia and Oriental regions .
Host. HP: Urtica dioica, HA: Aphis urticata, HW: Lysiphlebus fabarum; HP: Philadelphus coronarius, HA: Aphis fabae, HW: Lysiphlebus fabarum (Evenhuis, 1978: 173) . HP: unknown, HA: unknown, HW: Praon sp. and Ephedrus sp. (Bokina, 1997: 435) . HP: Brassica oleracea, HA: unknown, HW: unknown (Ferrer-Suay et al., 2013a: 37 first time from Iran. Many new host records were also established, in this way broadening the knowledge about the Charipinae in this area.
Alloxysta consobrina was cited in Iran as Alloxysta fuscicornis (Hartig 1841) , a well-known cosmopolitan species. These 2 have been recently synonymized (FerrerSuay et al., 2013b) . Despite our reservation in establishing this synonymy, because the name of A. fuscicornis has been used frequently in the bibliography, according to the nomenclature rules, the valid name must be A. consobrina.
In the present study, 8 species were determined within 91 host associations from different regions including A. arcuata, A. brevis, A. circumscripta, A. citripes, A. darci, A. mullensis, A. pusilla, and P. villosa ; among them, Alloxysta circumscripta and A. darci are cited for the first time from Iran. Additionally, the important contribution of this work is that for the already known Charipinae species present in Iran, new data about their trophic relationships are also given here (see the comments in Section 3).
Currently, some studies aiming to analyze the specificity of the Alloxysta species are in progress (Ferrer-Suay et al., unpublished data) . With this study, we are trying to elucidate possible host selection by the Charipinae based on qualitative data. Until now, A. citripes has been found only on the genus Trioxys; the host association Alloxysta citripes -Trioxys pallidus -Chromaphis juglandicola on Juglans regia seems to be very specific of this Alloxysta species. While some host records for this species seem doubtful (Dysaphis mali; Belizin, 1966) , the other host aphids (Eucallipterus tiliae, Tuberculoides annulatus, Pterocallis alni, and Myzocallis coryli) have a strict affinity to Chromaphis juglandicola, so that the primary parasitoid was Trioxys pallidus.
On the basis of the studied material from all over the world, and also taking into account data from the Charipinae worldwide catalogue , there are some complexes that repeat in different Alloxysta species, such as, for example: Ephedrus persicae -Dysaphis plantaginea in A. arcuata and A. brevis; Lysiphlebus fabarum -Aphis craccivora in A. arcuata, A. brevis, A. circumscripta, and A. victrix; Lysiphlebus fabarum -Aphis urticata, Aphis fabae in A. consobrina, A. melanogaster, and A. pleuralis; and Praon volucre -Aphis fabae in A. arcuata, A. brevis, and A. castanea . Alloxysta circumscripta was found frequently in association with Urolecucon aphids, too. Therefore, it seems that there is slight host selection, but it is more accurate for the primary parasitoids than for the aphids. It is necessary to continue collecting data about the trophic associations related with the Charipinae in order to get a better idea of the possible host selection in this subfamily.
For this reason, it is important to continue with the collections and revisions of the Charipinae material from Iran and other poorly known regions in order to improve our knowledge about their trophic relationships. In this way, we get to know the trophic relationships in which they are involved, and, with this, be able to predict the impact that their presence can have on important crops in the region.
